SUMMARY
THE OCCURRENCE of acute pulmonary edema can usually be attributed to left ventricular failure or overload as a result of hypervolemia, myocardial insufficiency, or valvular malfunction. Characteristically, there is elevation of left atrial and left ventricular end-diastolic pressure with pulmonary venous congestion and exudation of fluid into the alveoli. Recently, however, we experienced two patients who had fulminant pulmonary edema in the absence of a significant elevation in left atrial pressure. Both patients had undergone aortic valve replacement with the aid of total cardiopulmonary bypass. Another common factor was severe cerebral damage believed to The patients herein described developed fulminant pulmonary edema following cardiopulmonary bypass for open-heart surgery. Pulmonary lesions arising from extended perfusion often consist of gross and microscopic pulmonary edema.8 Pulmonary venous obstruction with loss of capillary integrity has been considered as one possible mechanism.9 However, the clinical picture in such situations is usually that of progressive respiratory insufficiency with hypercapnea, lactic acidosis, and hypoxia8 rather than recurrent pulmonary edema. It would seem highly unlikely that cardiopulmonary bypass played any role in the second case (W. C.), since respiratory difficulties were not encountered until the fifth postoperative day.
Alterations in serum osmolarity could favor the exudation of fluid into alveoli. Unfortunately, this determination was not carried out in either patient, but in the presence of a normal serum sodium (in both patients) it is unlikely that osmolarity was grossly abnormal. Acute pulmonary edema can result from a variety of neurologic lesionsl4, 6,10-12 and specific areas of the brain such as the preoptic area,"1 13 and vagal nuclei (ala cinerea ) 14 have been shown to be centers responsible for development of neurogenic pulmonary edema. The mechanism is assumed by some to be peripheral vasoconstriction with left ventricular overload causing an elevated left atrial and left ventricular end-diastolic pressure.3 -It has also been suggested that capillary permeability is increased in this forma of pulmonary edema," 15 but with little supporting evidence. Others cite pulmonary arterial hypertension as the important event.' In retrospect, determination of pulmonary artery pressure may have been helpful in clarifying the mechanism involved in our cases. Although the regions cited above were not examined in detail at brain sectioning in our patient (W. C.), many widely scattered infarcts were observed.
Unknown factors may also have been involved in these two patients, since pulmonary edema without left atrial pressure elevation has been observed in other conditions. Nixon'6 reported a patient who was found to have a mean left atrial pressure of 12 mm Hg during an episode of pulmonary edema following myocardial infarction. He made no attempt to explain the possible mechanism. The pulmonary edema associated with massive pulmonary embolism may be caused by pulmonary venous constriction,'7 in which case left atrial pressure might not be increased.
The conventional treatment of pulmonary edema, which is directed at lowering blood volume in the pulmonary circulation and decreasing diastolic pressure within the left heart, may have to be modified if left atrial pressure is not elevated. Digitalis and other cardiotonic agents may not be beneficial since myocardial insufficiency does not appear to exist. One of our patients (B. G.) responded poorly to rapid digitalization, phlebotomy, and diuretics. He exhibited repeated episodes of pulmonary edema over a 12-hour period despite intensive therapy. Morphine seemed moderately effective in one patient (W. C.) but this drug is probably best avoided in the unconscious individual.
